Background: Dementia is a syndrome, with a wide range of symptoms. It is important to have a timely diagnosis during the disease course to reduce the risk of medication errors, enable future care planning for the patient and their relatives thereby optimizing quality of life (QoL). For this reason, it is important to avoid a diagnosis of dementia not otherwise specified (DNOS) and instead obtain a diagnosis that reflects the underlying pathology. The aim of this study was to investigate the prevalence and associated factors of DNOS in persons with dementia living at home or in a nursing home. Methods: This is a cross-sectional cohort study performed in eight European countries. Persons with dementia aged ≥65 years living at home (n = 1223) or in a nursing home (n = 790) were included. Data were collected through personal interviews with questionnaires based on standardised instruments. Specific factors investigated were sociodemographic factors, cognitive function, and mental health, physical health, QoL, resource utilization and medication. Bivariate and backward stepwise multivariate regression analyses were performed. Results: The prevalence of DNOS in the eight participating European countries was 16% (range 1-30%) in persons living at home and 21% (range 1-43%) in persons living in a nursing home. These people are more often older compared to those with a specific dementia diagnosis. In both persons living at home and persons living in a nursing home, DNOS was associated with more severe neuropsychiatric symptoms and less use of anti-dementia medication. In addition, persons with DNOS living at home had more symptoms of depression and less use of antidepressant medication. Conclusions: The prevalence of DNOS diagnosis is common and seems to vary between European countries. People with DNOS are more often older with more severe neuropsychiatric symptoms and receive fewer anti-dementia medication, anxiolytics and antidepressants. This would support the suggestion that a proper and specific diagnosis of dementia could help the management of their disease.
Background
The code "dementia not otherwise specified (DNOS)" is used when symptoms and findings of cognitive dysfunction do not meet the criteria for a specific type of dementia. It may be used when the cause of dementia is unknown despite investigation [1] or when the interpretation of findings depends on the experience and specialization of the investigating physician. A specific dementia diagnosis should be timely and made when older people and their families are raising their concerns, rather than screening older people proactively for early signs and symptoms [2] . People with dementia caused by neurodegenerative diseases such as Alzheimer's disease (AD) or Lewy body dementia (LBD) and a specific range of cognitive decline may benefit from treatment with acetylcholine esterase inhibitors [3] and memantine [4] if tolerated [5] , while the latter has no effect and may even worsen behavioural and cognitive symptoms in frontotemporal dementia (FTD) [6] . Timely diagnosis and treatment with acetylcholine esterase inhibitors may improve memory and concentration as well as independence in activities in daily living (ADLs) [7, 8] and in turn improve quality of life (QoL) [9] . In addition, a diagnosis is an important aspect of the care pathway for people with dementia and their caregivers. When provided early in the disease process it allows for future planning [10] , if later it is still useful as it enables access to services and it provides explanation regarding behaviours and illness outcomes which caregivers and people with dementia have identified as beneficial. This in turn may result in the possibility for the person to live in ordinary housing and delay nursing home admission [11] .
The most common dementia diagnosis worldwide is AD (50-70%), followed by vascular dementia (VaD) (20-30%), FTD (5-10%) and LBD (5%). It is also common for AD to occur together with VaD [10, 12] . The diagnosis "DNOS" has been shown to be a common dementia diagnosis (43%) depending on geographical location [13] . The prevalence of DNOS has been found to be 19% for persons living in assisted living in the United States [14] , and 27% for residents living in nursing homes in Sweden [15] . In European countries, research regarding the prevalence of DNOS, in people living at home or in a nursing home and the relation of DNOS to comorbidity, cognitive function, QoL, ADLs, and depression is to our knowledge scarce. In Europe the diagnosis of dementia can be made in outpatient care (primary care), in private clinics or in specialized memory clinics depending on the health care system and the structure of reimbursement [10] . In one meta-analysis, undiagnosed dementia was reported to be 61,7% worldwide, with a lower rate in Europe and North America (vs China and India) [16] . A previous study by Butler et al. [13] reported that persons who visited a geriatrician or neurologist were more likely to have a specific dementia diagnosis. Furthermore, the study showed that the use of the term "DNOS" was lowest in centres where the majority of physicians investigating persons with cognitive impairment were specialized in dementia disorders. Specialists performed cognitive testing in 98% of patients, compared with only 12% for general practitioners (GP) even though 42.5% met the criteria for a specific dementia diagnosis [13] .
Factors contributing to diagnosis of dementia involve health care providers, and patient, caregiver and system factors [17] . Bond et al. [18] reported that GP's do not recognize or are not aware of early symptoms in AD and therefore fail to diagnose the disease. In their study, the average delay from symptom onset was 20 months (range 10-32 months). Furthermore, the average time for carers to consult a physician from recognition of symptoms was 47 weeks due to lack of awareness, recognition of symptoms, believing it was a medical condition or denial. Governmental indifference to AD patients and caregivers was also believed to exist [18] . A proactive approach to diagnosis may improve QoL and timely diagnosis may provide time for the person with dementia and their family to prepare for future care and contribute to the process of care planning [16, 19] . This may also be significant for both the person and the formal and informal caregivers in understanding and how to handle problems like depression and behavioural and psychological symptoms of dementia (BPSD).
There is no cure to dementia diseases and pharmacological and non-pharmacological treatments are symptomatic and aim to maintain functional ability and independence of the person, as well as QoL and wellbeing [10, 19] . Acetylcholinesterase inhibitors are used for the treatment of AD and LBD if tolerated and in some cases supplemented with memantine. However, adverse effects such as nausea, vomiting, falls, bradycardia (donepezil) and deaths have been reported [5] . Acetylcholinesterase inhibitors are approved in most European countries but with differences regarding access to pharmacological treatment due to prescribing practices, reimbursement and health care systems. In some European countries treatment decisions have to be made in specialist centres and by specialist doctors, while others require continuous evaluation by the specialist responsible for the treatment decision [10] . Acetylcholinesterase inhibitors and memantine are believed to ameliorate BPSD but the evidence is contradictory since BPSD may vary due to the type of dementia and the stage of the dementia disease [20] . Although BPSD are often treated with antipsychotics, these should be avoided or used cautiously due to common adverse effects, especially in older people [21] . Often they are seen as potentially inappropriate medications in this population [22] . In addition, antidepressants have been shown to be modestly effective for behavioural symptoms such as agitation [23] .
A timely dementia diagnosis is the key to medical treatment, care and support [10, 24] and may delay nursing home admission [11] . Doctors should be aware that DNOS or lack of diagnosis of dementia impacts accurate medical care, access to available services and QoL for both the person with dementia and their caregiver. Improving the timeliness of the diagnosis will also enable the opportunity for treating any non-dementia illness impacting cognition, assessment of suitability for any anti-dementia medication, and for involving the person with dementia in decision making regarding the future. To understand the complexity of DNOS, the aim of this study was to investigate the prevalence of DNOS in persons with dementia ≥65 years of age, living at home or living in a nursing home in eight European countries, and to investigate factors associated with DNOS regarding demographics, comorbidity, cognitive function, QoL, ADLs, depression and resource utilization in order to get a broader understanding of DNOS and the required treatment. Furthermore, we aimed to investigate factors associated with DNOS regarding behavioural symptoms and psychotropic medication use.
Methods

Study design, setting and participants
This study was a cross-sectional cohort study performed 2010-2013 in eight European countries within the European project RightTimePlaceCare (RTPC) (funded under the EU 7th Framework Programme for Research, contract number 24 21 53). Participating countries were Estonia, Finland, France, Germany, the Netherlands, Spain, Sweden and the United Kingdom [25] . The eight countries have different welfare systems and health care and social service system with regard to the responsibility for the family. In continental Europe, the role of the family is most important, in the Nordic countries, the state has a central role and in the Anglo-Saxon countries commercial caregivers predominate. In this study, screening for dementia (not available in Estonia) was mainly performed by GPs and in some countries also by registered nurses (Finland, Spain and the United Kingdom). Professionals in this study involved in the procedures to establish the diagnosis, pharmacological treatment for dementia and pharmacological treatment for BPSD were GPs and in some cases medical specialists in neurology, psychiatry or geriatrics [26] . The study population consisted of 2013 persons with dementia, 1223 living at home and 790 living in a nursing home in both rural and urban areas. Inclusion criteria were age ≥ 65 years, having a primary dementia diagnosis, having a Standardized Mini-Mental State Examination (SMMSE) score ≤ 24 [27] , and living at home with support from formal health care and social services and at risk of moving to a nursing home within 6 months, or living in a nursing home. The diagnoses of people with dementia were established in outpatient care by GPs or specialist physicians (neurologists, geriatricians, psychiatrists) or in specialized memory clinics. Recruitment of participants was through a contact person in each country and the same procedure as described previously [25] was followed. Participants were recruited in outpatient care and nursing homes, and in inpatient care in hospitals and psychogeriatric clinics. Data were collected through personal interviews with questionnaires based on standardised instruments outlined below. Demographic data collected for this study was age and gender of the person with dementia, as well as duration of symptoms in years and dementia diagnosis. Factors related to DNOS included cognition, comorbidity, QoL, ADLs, depression, resource utilization and behavioural problems. Furthermore, to investigate pharmacological treatment, information using Anatomical Therapeutic Chemical Classification code was collected regarding the use of psychotropics and antipsychotics (ATC N05A), anxiolytic (ATC N05B), sedatives (ATC N05C), antidepressants (ATC N06A) and antidementia medication (ATC N06D).
Measurements
The main variable for this study, DNOS, was obtained from the questionnaire on which the interviewer entered type of dementia as AD, AD/VaD, VaD, FTD, LBD, unknown or other diagnosis. Unknown diagnosis was considered as DNOS. Comorbidity was measured with the Charlson Comorbidity Index (CCI) [28] . To measure cognition, the SMMSE [27] was used. QoL in persons with dementia was measured using the Quality of life in Alzheimer's disease (QoL-AD) [29] , and ADLs were measured using the Katz Index of Independence in Activities of Daily Living (Katz-ADL) [30] . Depression was measured using the Cornell Scale for Depression in Dementia (CSDD) [31] and resource utilization regarding hospital admission and visiting a physician was measured using the Resource Utilization in Dementia questionnaire (RUD) [32] . Further, BPSD were measured with the Neuropsychiatric Inventory Questionnaire (NPI-Q) [33] to rate the severity of symptoms of the person with dementia. Measurements have been described in detail elsewhere [25] . An external audit of data was performed in each country to ensure the best quality of data collection (regarding data plausibility and management) and covered at least 20% of randomly selected records. The auditor also visited at least one or two participating institutional nursing care facilities and home care organizations to verify participation in the study.
Analysis
For the association analysis in the RTPC study, inclusion of 785 participants was needed and for mean differences, 393 participants was needed to demonstrate effect size with a power of 80% (α = 0.05). In home care, drop-out rate was expected to be 15% and consequently 175 informal caregivers and persons with dementia dyads per country were planned to be included with a total of 1400 dyads. In this study, the following characteristics of participants with DNOS in eight European countries are described: demographics, comorbidity, cognitive function and QoL. Furthermore, the study includes ADLs, depression, resource utilization, BPSD and medical treatment. For missing data in both the SMMSE and the CCI, handling of missing data was not applicable, i.e. no summary score was calculated. For QoL-AD, a maximum of two missing items were replaced with the mean score. For the NPI and the Katz ADL, no missing values were imputed. For the Katz ADL, no total score was calculated if one item was missing. Mean score was imputed in the CSDD with a maximum of three missing items. No total score was calculated if more than three items were missing. The answer option "unable to evaluate" was treated as a missing value. For regression analysis, the dependent variable type of dementia was dichotomized into "DNOS" =1 and other dementia diagnosis = 0 (AD, AD/VaD, VaD, FTD, LDB and "other diagnosis"). For the independent variables (CCI, SMMSE, QoL-AD, Katz-ADL, CSDD, and NPI-Q scores, and psychotropic medication; antipsychotics; anxiolytic; sedatives; antidepressants; and antidementia medication including acetylcholine esterase inhibitors and memantine) bivariate regression analysis was performed for DNOS when living at home or in a nursing home. To analyse the association between DNOS and the independent variables, backward stepwise multivariate regression analyses (living at home/living in a nursing home) were performed and p = ≤0.05 was regarded as significant. All variables used in the bivariate regression analysis were also used for the multivariate regression analysis. For the analysis, SPSS version 25.0 of was used (IBM Corporation, Armonk, NY, USA).
Results
Prevalence of DNOS
The prevalence of DNOS in the eight participating European countries was 16% in persons living at home and 21% in persons living in a nursing home ( Table 1 ). The prevalence of DNOS in those living at home was highest in the Netherlands (30%) and lowest in Finland (1%) ( Table 2 ). Regarding those living in nursing homes, DNOS was most frequent in Germany (43%) and least frequent in the United Kingdom (7%) ( Table 3 ). The most common dementia diagnosis was AD followed by VaD and DNOS (Table 1) .
Demographics of persons with DNOS living at home
The age of persons with DNOS living at home varied between 82 and 90 years and these persons were more often female ( Table 2 ). Duration of symptoms in years and severity of neuropsychiatric symptoms was highest in Estonia and lowest in France. Comorbidity was highest in Germany and lowest in the United Kingdom. Cognitive function was highest in Finland and lowest in Estonia. Quality of life was highest in Sweden while the lowest QoL was found in Finland where the persons also had more depressive symptoms. Persons with DNOS in Germany and Spain were more dependent in ADLs while the highest proportion of independent persons were found in France and the United Kingdom. The use of anti-dementia medication was most frequent in Germany (Table 2) . Regarding resource utilization during the last 30 days, persons with dementia living at home more commonly visited a GP (mean 40%) than a specialist (mean 19%).
Demographics of persons with DNOS living in a nursing home
The persons with DNOS living in nursing homes were between 83 and 86 years of age and more often woman (Table 3) . Duration of symptoms in years was highest in Estonia and lowest in Sweden. Comorbidity was highest in Finland and lowest in Sweden. Cognitive function was.
highest in Finland and lowest in Estonia and the Netherlands. Persons with DNOS in Sweden.
had the highest QoL score while the lowest QoL score was reported from Estonia. Persons with DNOS were less independent in Spain and more independent in Sweden and the United Kingdom. Depressive symptoms in this group was the lowest in Finland. Prevalence of neuropsychiatric symptoms was highest in the Netherlands and Germany and lowest in Finland. The use of anti-dementia medication was most frequent in Sweden and Germany and least frequent in Estonia (Table 3) . Regarding resource utilisation during the last 30 days, persons with dementia living in a nursing home more often visited a GP (mean 49%) for medical advice than a specialist (mean 9%). Factors associated with DNOS When comparing DNOS with other dementia diagnoses in persons living at home, bivariate regression analysis showed that factors associated with DNOS were higher age, more comorbid diseases, depressive symptoms and more severe neuropsychiatric symptoms (Table 4) . Persons with DNOS living at home had more often visited a GP in outpatient care during the last 30 days, and had had fewer hospital admissions to geriatric wards and fewer visits to a geriatrician in outpatient care during the last 30 days. Lower use of psychotropics was associated with DNOS, specifically regarding treatment for anxiety, sleeping disorders, depression and dementia. In nursing homes, DNOS, compared with other dementia diagnoses, was associated with shorter duration of symptoms in years and with less severe neuropsychiatric symptoms. The DNOS group living in nursing homes also had lower use of psychotropic medication, especially regarding treatment for anxiety and dementia and more often visited a neurologist (Table 4) .
Associated factors in the multivariate regression analysis for DNOS compared with other dementia diagnoses in the eight European countries are summarized in Table 5 . Factors associated with DNOS for persons living at home were younger age, more often visiting a GP during the last 30 days and lower use of medication for depression and dementia. In nursing homes, DNOS was associated with longer duration of symptoms in years, more often visiting a specialist physician (neurologist) during the last 30 days and lower use of anxiolytic and antidementia medication.
Discussion
The prevalence of DNOS in the eight participating European countries was 16% in persons living at home and 21% in persons living in a nursing home. For persons living at home, DNOS compared with a specified dementia diagnosis, was associated with more severe neuropsychiatric symptoms and symptoms of depression with less anti-dementia or antidepressants medication. For persons (6) 13 (8) 12 (6) 14 (7) 14 (7) 17 (6) Quality of life (QoL-AD), 13-52 36 (5) 27 (0) 35 (5) 35 (5) 28 (7) -34 (3) 35 (5) Activities of daily living (Katz ADL), 0-6 4 (2) 4 (0) 3 (2) 2 (2) 3 (2) 6 (1) 2 (2) 5 (1) Depression (CSDD), 0-38, mean (SD) 8 (8) 13 (0) 7 (5) 11 (6) 11 (6) 3 (3) 10 (7) 8 ( Severity, 0-36, mean, (SD) 11 (7) 12 (0) 10 (7) 11 (6) 12 (8) 5 (5) 8 (4) living in a nursing home, DNOS was associated with more severe neuropsychiatric symptoms and less use of antidementia medication.
In neurocognitive disorders, a dementia diagnosis is essential for pharmacological and non-pharmacological treatment and for future care planning for people with dementia and their caregivers, as well as to increase the understanding and handling of problems like depression and BPSD for both the person and the formal and informal caregivers. In our study, independent of living condition, DNOS diagnoses were found in all the participating European countries with variation between 1 and 30% if living at home and between 5 and 30% if living in a nursing home. This variation may depend on differences in diagnostic procedures between European countries healthcare system and reimbursement structures as well as which professionals are involved. When analysing the healthcare and social service systems in the eight European countries participating in the RTPC project, "screening, diagnostic procedure, and treatment of dementia and complications" was however available for all/most people in six out of the eight countries with variation in professionals involved [34] . Another explanation for the variation in DNOS prevalence may be that countries have adapted differently to focus on a timely rather than early diagnosis as proposed by World Alzheimer International [2] . Another factor may be the accumulating scientific evidence for a high risk of adverse effects during treatment with acetylcholine esterase inhibitors such as nausea, vomiting, falls, bradycardia (donepezil) and with significant risk for deaths [5] that has led to some countries stopping reimbursement for these medications. Several countries have national guidelines or policies for dementia care and they also have standardized diagnostic and treatment procedures. Most people in European countries are referred to GPs to establish a dementia diagnosis, and some are referred to a The UK n = 13
Persons with DNOS, n (%), (total n = 170) 9 (5) 14 (8) 33 (19) 51 (30) 22 (13) -28 (17) 13 (8) Age, years; mean (SD) 84 (3) 85 (7) 85 (6) 85 (7) 83 (7) -86 (8) 86 (7) Gender, female (%) 6 (67) Cognitive function (SMMSE), 0-30 13 (6) 16 (6) 10 (5) 14 (6) 10 (7) -12 (3) 13 (8) Quality of life (QoL-AD), 13-52 37 (3) 29 (5) 35 (7) 34 (4) 27 (5) -30 (6) 34 (5) Activities of daily living (Katz ADL), 0-6
Resource utilisation (RUD) last 30 days, % -
Visit general practitioner 3 (34) 11 (79) 4 (12) 38 (75) specialist (neurologist or psychiatrist) [10] . In the present study, persons with DNOS living at home more often visited GPs (50%) than a specialists (namely a geriatrician in 3%, a neurologist in 7% and a psychiatrist in 1% of cases). These results are consistent with previous results [13] which also showed that people with a specific dementia diagnosis more often had visited a specialist (neurologist or psychiatrist). Hospital admission at a geriatric ward was significantly more common for persons with a specific dementia diagnosis compared to those with DNOS. This may indicate that with a known diagnosis, persons are more likely to be referred to professionals specializing in dementia. The result of this study showed that and antidementia medication was significantly lower for persons with DNOS, indicating that a specific diagnosis may be required for prescription of these medication. Other possible explanations are that the person was under investigation or had already tried anti-dementia medication and experienced side effects. Among those living in a nursing home, 43% of persons with DNOS visited a GP while a lower percentage visited a specialist (geriatrician 10%, neurologist 18% and psychiatrist 5%). Receiving a diagnosis of DNOS may depend on attitudes to dementia diagnosis and where the patient is diagnosed. For instance, outpatient care including primary care or specialised memory clinics differs between and within countries [13] and for this study we did not have any information about routines for cognitive testing in each facility but no significant differences in SMMSE suggesting the groups (DNOS and others) were comparable. Knowledge is sparse about In most European countries, pharmacological treatment with acetylcholinesterase inhibitors and/or memantine is available as treatment in AD. Anti-dementia medication in this study was used most frequently for treatment of people with DNOS in home care in Finland and Germany, and in nursing homes in Sweden and Germany. To our knowledge, studies that investigate DNOS differences and medical treatment between European countries are scarce. Inequalities may exist due to each country's reimbursement policies that require decisions to be made by a specialist, e.g. differences have been found between France, the Netherlands, Spain and the United Kingdom [10] . Our findings also showed that AD was the most common dementia diagnosis and DNOS and VaD were the second most common diagnoses in the participating countries, which is consistent with previous findings [13] . As previously mentioned, a DNOS diagnosis was more common among people with dementia living in a nursing home than among people living in ordinary housing (mean 21 and 16%, respectively). This is similar to the results of previous studies (27 and 19%, respectively) [14, 15] . This may be due to professionals' perception of the importance of a proper dementia diagnosis when a person has moved to a nursing home and also whether the physician responsible for medical treatment at the nursing home is a specialist or not. Similar to other studies [12] the prevalence of AD in this study was 55% in persons living at home and 43% in persons living in a nursing home and 22% were treated with acetylcholinesterase inhibitors and/or memantine. Timely diagnosis allows improved care planning and prognosis for the family [12] and should be prioritorized. Consequently, it should be possible to diagnose approximately 42-43% more people with AD, and enable them to get appropriate medical treatment if tolerated, care interventions and support when needed in the course of the dementia disease and in line with each country's reimbursement structure.
When living at home, higher age seems to be associated with DNOS, as well as an increased risk of being depressed and having no adequate treatment. Our findings showed that age and depression were associated with DNOS. In a review by Lang et al. [16] , undetected dementia was associated with age. There is uncertainty regarding the link between undetected dementia and comorbid depression but two studies found a possible link [16] . Previous studies have shown that late on-set depression is a risk factor for a dementia disease [35, 36] , which makes it essential to diagnose the presence of and differentiate affective and cognitive symptoms and prescribe medical treatment as appropriate. Independent of dementia diagnosis, persons with a DNOS or other dementia diagnosis have similar QoL. Our study did not show any association between DNOS and comorbidity, nor cognitive function, QoL or ADL, when living in a nursing home even though lack of a specific dementia diagnosis has been suggested to reduce the persons QoL and independence [8] . A review by Cooper et al. [37] did not find any consistent evidence that pharmacological treatment improves QoL for people with dementia. People with dementia living at home has shown significantly higher QoL compared with people with dementia living in a nursing home [38] . This suggests that more studies are needed to investigate how QoL may be increased for persons with dementia living in a nursing homes. One limitation of the study is that this is a secondary analysis of a more global study (RTPC) which was not aiming to study DNOS. The variable DNOS was determined when the type of dementia was "unknown". Therefore, this category could include cases where, despite a thorough diagnostic procedure, the specialists could not define the type of dementia, as well as cases where no proper diagnosis procedure was applied. Therefore, the group of participants classified as "DNOS" may be heterogeneous. We investigated a large group of persons with dementia living at home (n = 1223) or in a nursing home (n = 790). In the bivariate regression the single factors (age, symptoms in years, resource utilization, psychotropic medication use and total scores) showed significance (p ≤ 0.05) with a small 95% confidence interval (CI) in most variables, suggesting that the sample was large enough. However, when investigating each country separately, some countries (Finland, France and Sweden), had very few participants with a DNOS and a large 95% CI which probably make the results less reliable in this respect. Therefore, only the results for the whole cohort are presented here.
All countries participating in the RTPC project used the same procedure and guidelines to establish internal validity. For external validity participating countries represented southern, northern, eastern, western and central Europe.
The findings in this study should be interpreted with caution since one limitation is the cross sectional study design, and no causal relationship can be established. Moreover, the persons with dementia living at home were also a specific subgroup of persons with dementia, on the margin of care (e.g. when home care is not enough or when the caregiver is heavily burdened) and were judged to be at risk of institutional care within 6 months. This means that the participants may not be representative for persons with dementia in general.
Conclusions
A diagnosis of DNOS is common but vary between countries. People with dementia who are older more often appear to have a DNOS diagnosis. They seem to be cared for more often by a GP, especially in home care, and receive fewer anxiolytics and antidepressant medications. Results of the bivariate analysis in the present study suggest that people with DNOS suffer from more severe neuropsychiatric symptoms, which would support the idea that a proper and specific diagnosis of dementia could help the management of their disease. 
